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THC-DAT Helps in Reading a Multi-topic Document: Results from a 

User-Centered Evaluation of a Within-Document Analysis tool 

1. Introduction 

With the rapid growth of electronic documents, there are more and more multi-topic 

documents, which requires users with high reading ability. Compared with single topic documents, 

multi-topic documents, including scientific articles, news stories and patents, may come naturally 

with complex hierarchical structure, involving more than one topic, meanwhile topics within 

separated paragraphs may have relationships (Chen, Wang & Lu, 2016; Tagarelli & Karypis, 2013). 

So analyzing the document from within-document perspective then showing the content in a 

organized way is helpful for users in understanding the multi-topic document. In respect to how to 

visualize and analyze these multi-topic documents, various tools have been proposed, such as 

TOPIC ISLANDS (Miller, Wong & Brewster, 1998), HINATA (Nishihara, Sato & Sunayama, 

2011) and TopicNets (Gretarsson et al., 2012). Unfortunately, most tools ignore the latent 

hierarchical structures and the context information within a document. Hence, we have proposed a 

new multi-topic document analysis tool THC-DAT (as acronym of Topic Hierarchy and Context 

based Document Analysis tool) which uses hierarchical Latent Dirichlet Allocation (hLDA) method 

to extract a topic hierarchy tree, and takes the context information into account to enable users to 

browse and analyze a document in a multi-grained, topic-oriented and context-based way (Chen et 

al., 2016). 

Text signal is introduced as the writing device that emphasizes aspects of a text content or 

structure without adding to the content of the text (Lorch, 1989). It attempts to pre-announce or 

emphasize content and reveal content relationship (Lemarié, Eyrolle & Cellier, 2006; R. Lorch, E. 

Lorch & Ritchey, 2001; Spyridakis, 1989), and can direct attention of readers during reading and 

help improve readers’ ultimate comprehension about text information. Actually, the hierarchical 

topic tree extracted by THC-DAT is one kind of text signals. BOOKMARK such as the Table of 

Contents bookmarks in Adobe Reader, which provides a directory tree that integrates all levels of 

titles of a document, is the most common text signal and within-document analysis tool. In our 

previous work, we provided a comprehensive overview of approaches, interface and functions of 

THC-DAT. Subsequently, we conducted a case study to evaluate the tool, and qualitative analysis 

results that indicate the effectiveness of the tool were also discussed. In this paper, we conducted a 

comparative evaluation of THC-DAT with BOOKMARK to figure out whether THC-DAT enables 

users to browse, analyze and understand a multi-topic document more efficiently and effectively. 

With this intent, we investigated the two tools within a simulated work task situation, in which 

participants were asked to finish three kinds of tasks about a document, each tool was used to finish 

three tasks. On the basis of quantitative performance data and qualitative data derived from 

questionnaires, we assessed the comparative efficiency, effectiveness and user satisfaction of the 

tools. 

The structure of the paper is as follows. Section 2 reviews related work. Section 3 introduces 

the interfaces of the tools used in the experiment. Research questions and hypotheses are provided 

in Section 4, the whole experiment design scheme is presented in Section 5. Section 6 shows the 

results of the experiment study and the discussion. Finally, some concluding remarks are offered in 

Section 7. 
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2.  Related work 

With the growing availability of electronic document in recent years, topic-based tools which 

reveal the topic structure in a long document with multiple topics are becoming a research hotspot. 

For example, TOPIC ISLANDS (Miller et al., 1998) applied wavelet technology to extract topics. 

HINATA (Nishihara et al., 2011) visualized topic-sentence relevance in documents by light and 

shadow. TopicNets (Gretarsson et al., 2012) considered unique internal sequence of linear 

structures and analyzed the topic with statistical topic models. TIARA (Liu et al., 2009) applied 

latent Dirichlet allocation (LDA)-based topic analysis to automatically derive topics and content 

evolution over time. Topic hypergraph (Wang et al., 2013) analyzed topic structure for long 

documents divided into multiple segments, and extracted topic by LDA algorithm. In general, tools 

of this type are limited to analyze particular type of document and topics they extract neglect 

semantic relations. 

Since these within-document analysis tools are ultimately used by users, usefulness and 

usability are main concerns of researchers, and user-centered evaluation becomes quite necessary. 

At present, the evaluation methods of within-document analysis tools mainly include control 

experiment and usability test . 

Control experiment, which conducted in a simulated working environment, is the most 

common method. In a control experiment, the tool to be evaluated will be compared with a reference 

tool, with participants completing the same or similar task on the tools. A common tool was often 

selected as the baseline. For instance, Mizoguchi, Sakamoto & Igarashi (2013) proposed four types 

of overview scrollbars and compared them with the traditional scrollbar. Wu, He & Xu (2012) 

examined two relevance feedback techniques in interactive multilingual information access (MLIA), 

and regarded a basic interactive MLIA search without any relevance feedback as a benchmark 

system. Byrd (1999) compared an experimental system incorporating full visualization to a control 

system with no visualization, except for highlighting words in a single color. FindSkim, based on 

the ubiquitous Find-Command, served as a benchmark to compare with ProfileSkim based on 

relevance profiling in Harper, Koychev & Sun’s study (2004). When it comes to task design, tasks 

are often devised to satisfy test assumptions or research purposes. For example, Mizoguchi et al. 

(2013) set all tasks to search and click objects on a vertically long document to investigate the 

performance of overview scrollbar. Whittaker et al. (2010) attempted to test a new user interface 

(SCAN) in local browsing by comparing different retrieval situations with relevance ranking, 

fact-finding and summarization tasks. Liu et al. (2009) designed three types of email analysis tasks 

to evaluate the effectiveness of TIARA in support of analysis tasks of different difficulty. Dang et al. 

(2012) proposed Nano Mapper to support users’ search and analysis of nanotechnology 

developments and classified tasks based on the search functionality involved. 

Usability test is used in user-centered interaction design to evaluate a system by testing it on 

users. It focuses on measuring a system’s capacity to meet its intended purpose. Researchers usually 

evaluate the system from two perspectives: objective and subjective measures. Objective measures 

are derived from completion time, answer accuracy and log data to assess effectiveness and 

efficiency. Subjective measures are users’ response or preference to the system, which is usually 

estimated by questionnaire. For example, Byrd (1999) made objective and subjective measurements 

to appraise the experimental tool. Harper et al. (2004) evaluated ProfileSkim by effectiveness, 

efficiency and user satisfaction. Hersh, Pentecost & Hickam (1996) compared two MEDLINE 
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searching systems in aspects of answer accuracy, completion time, relevant articles retrieved and 

user satisfaction. Schwartz, Hash & Liebrock (2010) conducted a user study to evaluate 

visualizations with Focus+Context model, which measured quantitative results and qualitative 

responses.    

To sum up, we conducted a control experiment to examine the reading functions of THC-DAT 

compared with BOOKMARK. Six question-answering tasks that can be classified into three 

categories were set based on the research purpose. Additionally, the efficiency, effectiveness and 

user satisfaction were regarded as the measurement indexes during the usability test. 

3. Experimental tools  

Two within-document analysis tools, THC-DAT and  BOOKMARK, are used in the control 

experiment. Although the two tools are designed based on two different ideas, both interfaces are 

similar. Functions and operations of the two tools are described as follows. 

3.1 THC-DAT 

THC-DAT is designed based on topic hierarchy and context information. It applies hLDA 

method to visualize a topic hierarchy tree in a fine-grained way, in which users can search and 

browse according to their interested topics to obtain relevant paragraphs and analyze hierarchical 

document structure. Here, each node in the tree represents a topic with its terms and has a set of 

corresponding paragraphs representing contents of the topic. Furthermore, by context information, 

users can quickly grasp the distribution of topics in the document and find out the relationships 

between paragraphs and topics. 

A screenshot of the THC-DAT tool is illustrated in Figure 1. 

The leftmost interface is a hierarchical topic tree whose structure and five key topic terms of 

every node are generated by HLDA algorithm. The document is divided by the topic tree which 

aggregates paragraphs that express the same topic. Note that the topic tree in Figure 1 has a 

three-level structure. A root node can summarize the topic of the full-text abstractly, further being 

divided into five specific second-level nodes, with each one summarizing the topic of a part of text, 

then these sub-nodes will be divided into certain third-level nodes more specifically. Namely 

general topic corresponds to the root while specialized topic corresponds to the leaf. A new tab page 

will be generated on the right of the scrollable panel when clicking on any topic node at a time, the 

same tab can’t appear twice but only refresh. Meanwhile paragraphs covered with the clicking topic 

node will be highlighted. The document is positioned in the display panel at the first paragraph 

under the topic node, and paragraphs may not continuous but scattered across the full document. All 

paragraph numbers under the topic node will be displayed in the drop-down box on the top, merging 

adjacent paragraphs. The document display panel can jump to the corresponding paragraph when 

users per click a paragraph number unit. Moreover users can navigate from the current paragraph to 

the previous (or next) paragraphs by “Previous Unit” and “Next Unit” buttons. In a word, with the 

topic tree, users can have a preliminary understanding of distribution and relationship of topics, 

through reading corresponding contents then compare different contents between topics. 
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Figure 1 Screen shot for THC-DAT 

3.2 BOOKMARK  

Our benchmark system BOOKMARK is an essentially tagged PDF file. It is based on the table 

of contents which could reveal the hierarchical topic within the book (Cao & Wang, 2000; Yin, 

2012; Liu, 2003). BOOKMARK has a mechanism combining contents and logical structures 

through inherent tags, such as chapter, section, tables etc. So it expresses the topic structure in a 

coarse-grained way. Since BOOKMARK is a ubiquitous tool, similar to the table of content of a 

book, and thus it can be understood easily.  

A screenshot of BOOKMARK is illustrated in Figure 2. 

A directory tree that extracts table of contents of the document is on the left, a new tab page can 

be generated on the right of the scrollable panel when clicking on any title at a time. Similar to the 

THC-DAT tool, paragraphs correspond to the title node will be highlighted, and all paragraph 

numbers under the title will display in order in the drop-down box. So with the tool, users can 

navigate title catalogs and read passages under a certain title, then compare different contents within 

different titles. 

 

Figure 2 Screen shot for BOOKMARK 
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4.  Research questions and hypotheses 

    In general terms, we attempted to investigate whether difference exists between THC-DAT and 

BOOKMARK in reading, specifically whether THC-DAT was more effective than BOOKMARK. 

Beyond that, we intended to measure user subjective evaluation to the two competing tools. Specific 

measures are described in Section 5.4. 

    More formally, several hypotheses were formulated on the basis of the expected performance 

of, and user subjective evaluation to THC-DAT and BOOKMARK. These hypotheses are with 

justifications: 

    H1: THC-DAT is more efficient than BOOKMARK  

    In THC-DAT, paragraphs scattered in different places in a long document are associated by a 

certain topic, so users can read relevant paragraphs directly, rather than spend time navigating full 

text to find relevant paragraphs and reading irrelevant paragraphs. Therefore, we assume that the 

time to complete a question-answering task is less using THC-DAT compared with BOOKMARK. 

    H2: THC-DAT is more effective than BOOKMARK  

   Compared with coarse-grained perspective, THC-DAT extracts hierarchical topics in a 

fine-grained way. Besides, with the topic tree, users can exploringly learn about unfamiliar topics 

with little cognitive burden and deepen understanding of a document. Therefore, we assume that 

users can complete tasks more effectively using THC-DAT compared with BOOKMARK. 

    H3: Users will think THC-DAT is more useful than BOOKMARK.  

    H4: Users will think THC-DAT is more usable than BOOKMARK. 

    H5: Users will prefer to use THC-DAT compared with BOOKMARK. 

    H6: Users will be more satisfied when using THC-DAT compared with BOOKMARK. 

Hypotheses refer to user subjective evaluation are based on the hypothesized efficiency and 

effectiveness of THC-DAT. Furthermore, we believe that THC-DAT will provide a better user 

experience when performing the question-answering task. 

5.  Experiment design  

5.1 Research method and data set 

    Control experiment was applied as the overall data collection method. Every participant was 

required to use the two tools to finish question-answering tasks about a document. The document 

used in our experiment was “The Nested Chinese Restaurant Process and Bayesian Nonparametric 

inference of Topic Hierarchies” authored by Blei. It talks about topic model (statistic algorithms for 

discovering the latent meaningful information) and discusses how the nested Chinese restaurant 

process (nCRP) which is one kind of stochastic process (by simulating the probability if any 

customer belonging to any table) is used in a Bayesian nonparametric statistics to build topic 

hierarchy tree. In order to maintain consistency, the same document was used in the two systems.  

    The aim of the experiment is to compare different reading consequences along several task 

dimensions, including: locating specific information from within the document, extracting gist of 

paragraphs, making global comprehension of the document. So experiment data was collected to 

compare the two systems on the following 3 types of tasks: 
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    fact finding - requires participants to find out obvious and direct factual information from the 

document; 

    partial understanding - requires participants to understand partial content of the document; 

full-text understanding - requires participants to analyze the full text in-depth and understand 

its theme, context and content. 

full-text understanding task was presumed to be the most difficult type, followed by partial 

understanding and fact finding task, on the basis of the amount of information participants had to 

access to perform the task. Each type of task has two questions inside. The participants were given a 

total of 6 questions each (2 of each of the 3 task types). For half the questions they used the 

THC-DAT, and the control system for the other half. And all questions can also be categorized into 

3 scenarios which are keyword guiding scenario, theme extraction scenario and overall 

comprehension scenario. In keyword guiding scenario, questions' keyword(s) can be found directly 

in the navigation bar either of BOOKMARK or THC-DAT. For fact finding and partial 

understanding questions, their answer are related to keyword(s) or topic(s), so FF0, FF1, PU0 and 

PU1 are in keyword guiding scenario. Specifically, the keyword(s) of FF0 and PU1 can be found in 

the navigation bar of THC-DAT, and the keyword(s) of FF0, FF1 and PU0 can be found in the 

navigation bar of BOOKMARK. Since summarizing the theme of document is a typical task of 

full-text understanding, one of our full-text understanding questions, FU0, is set to find out the main 

topic of the document. So FU0 is in theme extraction scenario. In overall comprehension scenario, 

answering the question is more difficult than in other scenarios because the answer depends on 

logical understanding of full-text rather than certain keywords. FU1 is in such kind of scenario. In a 

word, we intend to evaluate whether the topics extracted by THC-DAT can help users in analyzing a 

multi-topic document in different scenarios.  

During the experiment, three sets of questionnaires were sent to the participants. The 

pre-experiment questionnaire was to collect the demographic information. The post-system 

questionnaire referred to users’ overall evaluation of the system which conducted twice after 

participants finished questions on each system. Meanwhile, the answer and time spent on each 

question were collected through experimental logs. 

5.2 Procedures 

    To eliminate learning and sequencing effect, the combination of users was randomized, tasks 

and systems using Latin Square so that there were 12 different sequences of tasks and systems. 36 

participants were recruited, and thus each sequence was performed three times. The experiment 

design scheme is shown in Table 1. 

Table 1 Experiment design scheme 
1
 

Rotation 

Number 

First task set 

Question(system) 

Second task set 

Question(system) 

R1 FF0（B） PU0（B） FU0（B） FF1（T） PU1（T） FU1（T） 

R2 PU0（B） FU0（B） FF1（B） PU1（T） FU1（T） FF0（T） 

                                                        
1
 BOOKMARK is ‘B’, and THC-DAT is ‘T’, ‘FF’ represents fact finding task, ‘PU’ represents 

partial understanding task, ‘FU’ represents full-text understanding task. Questions within each type 

of task were marked as ‘0’ and ‘1’ in order. 
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R3 FU0（B） FF1（B） PU1（B） FU1（T） FF0（T） PU0（T） 

R4 FF1（B） PU1（B） FU1（B） FF0（T） PU0（T） FU0（T） 

R5 PU1（B） FU1（B） FF0（B） PU0（T） FU0（T） FF1（T） 

R6 FU1（B） FF0（B） PU0（B） FU0（T） FF1（T） PU1（T） 

R7 FF0（T） PU0（T） FU0（T） FF1（B） PU1（B） FU1（B） 

R8 PU0（T） FU0（T） FF1（T） PU1（B） FU1（B） FF0（B） 

R9 FU0（T） FF1（T） PU1（T） FU1（B） FF0（B） PU0（B） 

R10 FF1（T） PU1（T） FU1（T） FF0（B） PU0（B） FU0（B） 

R11 PU1（T） FU1（T） FF0（T） PU0（B） FU0（B） FF1（B） 

R12 FU1（T） FF0（T） PU0（T） FU0（B） FF1（B） PU1（B） 

To avoid the interaction between participants, the experiment was ran with each participant 

individually. Every participant was asked to complete the question-answering tasks as possible as 

they can. If they couldn’t get the answers indeed, they may submit “I can’t”, and no time limited for 

the question answer. Since participants were familiar with the BOOKMARK system, more training 

was focused on the THC-DAT system in which participants were asked to finish a training task 

individually to learn the function of the THC-DAT system deeply. The whole experiment steps are 

shown below. 

  (1)filling in the pre-experiment questionnaire;  

  (2)briefing on the experiment goal, and training on the BOOKMARK system and the THC-DAT 

system; 

  (3)finishing the training task on the THC-DAT system individually; 

  (4)using the first system to finish three question-answering tasks; 

  (5)filling in the post-system questionnaire for the first system; 

  (6)using the second system to finish three question-answering tasks; 

  (7)filling in the post-system questionnaire for the second system. 

5.3 Participants 

    The 36 participants were all graduate students drawn from various schools of Wuhan University 

randomly to exclude major difference effects. Though the document used in our experiment was 

relatively difficult and long in English, all participants for the study had passed the College English 

Test Level 6 and have English reading and cognitive ability. Based on a pre-experiment 

questionnaire, summary statistics about the participants are presented in Section 6.1. 

5.4 Measures 

Objective and subjective measures are made to compare the performance of the two systems. 

Our objective measures were derived from the log data: answer to each question and time for each 

question. The form of each question is either multiple choice or quiz. For multiple choice, the score 

is either 0 or 1, with 0 being absolutely wrong and 1 being absolutely right. As for quiz, two experts 

judged the correctness of the answer with score ranged from 0 to 1 independently. Inter-rater 

reliability was assessed using Cohen's kappa (an inter-rater agreement measure), with 95% 

confidence intervals (Cohen, 1960; Gwet & Li, 2008). Using answer information, we were able to 

assess the effectiveness of task completion then reflect system effectiveness. The time for each 
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question was recorded automatically in seconds. Using this information, we were able to assess the 

efficiency of task completion then reflect system efficiency.  

Our subjective measures were extracted from user surveys from 4 aspects: usefulness, ease of 

use, intention to use and system satisfaction, and these were measured based on Davis’s scale (1989) 

and Bhattacherjee’s scale (2001). All subjective measures were rated on a scale of 1 to 5, where 1 

means “strongly disagree” and 5 means “strongly agree”. Furthermore, participants were asked to 

indicate the degree of familiarity with topic model before and after experiment for each system. 

6.  Experiment result analysis 

6.1 Summary of participants data 

Based on the pre-experiment questionnaire, summary data is presented on the participants. The 

basic demographics about the participants are as follows: 

More female participants than male (61.1% vs 38.9%); 

All participants ranged from 21 to 26 years old. The majority were first year and second year 

graduate students aged between 22-24. (41.7% were first year, 52.8% were second year, and 5.6% 

were third year); 

The participants were from 16 different schools, covering humanities, social science, science 

and engineering. Specific information was shown in the following Table 2. 

Table 2 The distribution of schools 

Name of School Frequency Percent 

School of Information Management 8 22.2 

School of Computer Science 4 11.1 

School of Mathematics and Statistics 3 8.3 

School of Power and Mechanical Engineering 3 8.3 

School of Economics and Management 3 8.3 

School of Journalism and communication 3 8.3 

School of Electronic Information 2 5.6 

School of Marxism 2 5.6 

School of Electrical Engineering 1 2.8 

School of History 1 2.8 

School of Life Science 1 2.8 

School of Water Conservancy and Hydropower 1 2.8 

School of Philosophy 1 2.8 

School of Political Science and Public Administration 1 2.8 

Research Institute of China’s border and Marine  1 2.8 

School of Resource and Environmental Science 1 2.8 

Total 36 100.0 

    The participants assessed their familiarity with aspects of the question-answering task via the 

pre-experiment questionnaire as: 

    For the frequency of using electronic academic document, 83.3% of the participants used it 

more than 10 times per month, 13.9% were 3 to 10 times, the remaining 2.8% were less than 3 times;  
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For the frequency of using library database, 66.7% used it more than 10 times per month, 

22.2% were 3 to 10 times, the remaining 11.1% were less than 3 times; 

In terms of the computer application ability, 2.8% could only chat on the Internet expertly, 

33.3% could also operate a variety of office software expertly, 30.6% could  install a variety of 

systems and software, in addition to the above abilities. The remaining 33.3% could use at least one 

computer language for programming expertly; 

As for the understanding of topic model, only 11.1% had a little understanding of it, the 

remaining were totally or basically unfamiliar with it. 

To summarize, the participants in the experiment were more female, whose majors were 

widely distributed in multiple disciplines and schools, and were mainly first year and second year 

graduate students aged between 22-24. Most of them used electronic academic document and 

library database frequently, and had a high standard of computer application ability. But they knew 

little about topic model. 

6.2 Analysis of objective measures 

In this section, we focus on the presentation and analysis of the objective data which were 

relevant to system efficiency, as measured by ‘time for task’, and system effectiveness, as measured 

by ‘score for task’. The average value of time and answer scores of each system were calculated 

over all questions and participants.  

For each of the variables, time for task, score for task, an analysis of variance (ANOVA) was 

conducted to assess the significance of the two factors: ‘system’ (BOOKMARK or THC-DAT) and 

‘task type’ (fact finding, partial understanding or full-text understanding). 

Table 3 Summary statistics for comparisons between BOOKMARK and THC-DAT system 

 Mean (standard deviation) p-value 

BOOKMARK  THC-DAT 

Time 307.309 (245.478) 298.843(243.267) 0.799 

Score 0.602(0.474) 0.762 (0.401) 0.008 

    In Table 3, for the efficiency measured by time for task, participants completed all three tasks 

without significantly faster (p=0.799) using THC-DAT (M=298.843s, SD=243.267s) compared 

with BOOKMARK (M=307.309s, SD=245.478s). Although there is no significant efficiency 

between the two systems, the mean time that users spent on THC-DAT is less than on 

BOOKMARK. That means hypothesis H1 is not strongly supported. Moreover THC-DAT is at least 

not inferior to BOOKMARK in efficiency and improvement is still needed in THC-DAT, the mean 

improvement is 8.466s. 

In terms of score measure of effectiveness, the difference between two systems is very 

significant at level p=0.008. With participants scoring higher to complete a set of tasks with 

THC-DAT (M=0.762, SD=0.401) than with BOOKMARK (M=0.602, SD=0.474), there is very 

strong evidence to support the hypothesis H2 and conclude that THC-DAT is more effective than 

BOOKMARK. 

In general, THC-DAT shows better effectiveness than BOOKMARK, and for efficiency, 

THC-DAT is not inferior to BOOKMARK at least. Furthermore, the efficiency and effectiveness in 

each kind of task are needed to analyze for THC-DAT’s evaluation. 

Table 4 Summary statistics for comparisons among three types of task 
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 Mean (standard deviation) p-value 

fact finding partial understanding full-text understanding 

Time 265.948(190.182) 331.117 (265.743) 312.164 (266.432) 0.258 

Score 0.792 (0.409) 0.781 (0.336) 0.472 (0.503) 0.000 

    The results in Table 4 showed the scores that participants got are statistical different among 

different types of tasks (p=0.000). The mean and standard derivation of scores for fact finding task, 

partial understanding task and full-text understanding task are (M=0.792, SD=0.409), (M=0.781, 

SD=0.336), (M=0.472, SD=0.503) respectively. The mean score of fact finding is the highest, 

partial understanding is the second, and both are higher than full-text understanding. Note that full 

text understanding questions are the most difficult, partial understanding questions are moderate, 

fact finding questions are the easiest. So, the order of scores for each kind of task seems to be 

expected. However, the time that participants spent are not statistical significant among different 

types of tasks (p=0.258). The mean and standard derivation of time for fact finding task, partial 

understanding task and full-text understanding task are (M=265.948s, SD=190.182s), 

(M=331.117s, SD=265.743s), (M=312.164s, SD=266.432s) respectively. The time that participants 

spent on each kind of task, in ascending order, is fact finding task, full-text understanding task and 

partial understanding task. The mean time of partial understanding is the highest, fact finding is the 

lowest, and it is very interesting that the time used for the full-text understanding task, which is the 

most difficult type, even less than for partial understanding task which is of medium difficulty.  

Table 5 Summary statistics of time and score by system and question-answering task type  

 Type 

of Task 

Mean Standard deviation p-value 

B T B T 

 

time 

FF 267.613 264.284 184.599 198.215 0.941 

PU 386.206 276.027 335.709 155.926 0.078 

FU 268.109 356.219 166.856 334.912 0.162 

 

score 

FF 0.694 0.889 0.467 0.319 0.043 

PU 0.722 0.840 0.391 0.262 0.137 

FU 0.389 0.556 0.494 0.504 0.161 

    In order to clarify the difference between the two tools in dealing with each kind of task, specific 

data are reported in Table 5. It can be observed that only the score for fact finding task that 

participants got are significantly higher (p=0.043) on THC-DAT (M=0.889, SD=0.319) compared 

with BOOKMARK (M=0.694, SD=0.467), and users spent similar time using THC-DAT 

(M=264.284s, SD=198.215s) and BOOKMARK (M=267.613s, SD=184.599s), with p=0.941. For 

partial understanding task, time spent on it using THC-DAT (M=276.027s, SD=155.926s) is much 

less than BOOKMARK (M=386.206s, SD=335.709s), the difference is nearly significant (p=0.078). 

And participants still get higher score on THC-DAT (M=0.840, SD=0.262) than BOOKMARK 

(M=0.722, SD=0.391). For full-text understanding task, time spent on this kind of task using 

BOOKMARK (M=356.219s, SD=334.912s) reduced dramatically compared with the partial 

understanding task, while increased using THC-DAT (M=356.219s, SD=334.912s), and there is no 

discernible difference between the two systems (p=0.162). The mean and standard derivation of 

scores for THC-DAT and BOOKMARK are (M=0.556, SD=0.504), (M=0.389, SD=0.494) 

respectively, with p=0.161. This shows the effectiveness of THC-DAT is better than BOOKMARK 

for full-text understanding task. 
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    In Figure3, the means of time on THC-DAT increase along with the increasing of task 

difficulty. However, the result on BOOKMARK shows that when task's difficulty increased, the 

mean time on BOOKMARK shows inverted U shaped curve. It increased first and then decreased. 

And Figure 4 shows that for each kind of task, users scored better using THC-DAT than 

BOOKMARK. 

 

Figure 3 Mean time by system and question-answering task type 

Figure 4 Mean score by system and question-answering task type 

    A more in depth results of the two systems in processing specific questions are displayed in 

Table 6. Only PU1 was completed significantly faster (p=0.024) on THC-DAT (M=256.977s, 

SD=139.155s) compared with BOOKMARK (M=430.526s, SD=279.786s). With respect to the 

score, the score for FF0 that participants got on THC-DAT (M=0.778, SD=0.428) was considerably 

higher (p=0.041) than on BOOKMARK (M=0.444, SD=0.511). Users got better scores for the rest 

questions using THC-DAT than BOOKMARK although there were no significant differences. 

Table 6 Mean time and score by system and question-answering task 

 Task Mean(Standard deviation) p-value 

B T 

 

 

 

time 

FF0 373.253(181.272) 261.896(182.055) 0.075 

FF1 161.973(116.903) 266.671(218.479) 0.082 

PU0 341.886(386.770) 295.078(172.983) 0.642 

PU1 430.526(279.786) 256.977(139.155) 0.024 
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FU0 175.270(81.698) 180.756(96.101) 0.855 

FU1 360.948(179.981) 531.683(395.598) 0.105 

 

 

score 

FF0 0.444(0.511) 0.778(0.428) 0.041 

FF1 0.944(0.236) 1.000(0.000) 0.324 

PU0 0.889(0.323) 0.944(0.236) 0.560 

PU1 0.556(0.389) 0.736(0.250) 0.106 

FU0 0.389(0.502) 0.667(0.485) 0.100 

FU1 0.389(0.502) 0.444(0.511) 0.744 

6.3 Analysis of subjective judgment 

    Here we present subjective judgment results obtained from the post-system questionnaires filled 

in by the participants after they finished each task set. See Appendix A for all questionnaires details. 

In Table 7, the mean, median, standard deviation of the responses (5-point scale) are given for 

each system for questions about usefulness, ease of use, intention to use and system satisfaction 

from post-system questionnaires. The mean values of several questions’ responses corresponding to 

each indicator were calculated for the individual participant, and then averaged over participants. 

Two systems are compared based on these averaged data using paired t test. 

    In relation to questions on ease of use, participants rate THC-DAT (M=4.16, Med=4.08, 

SD=0.451) as not that easier to use in performing these tasks than BOOKMARK (M=4.10, 

Med=4.00, SD=0.437), and there is no discernible difference between two systems (p=0.431). This 

conclusion keeps consistent with our objective results of time for task in Table 3 where the 

efficiency is not significant between the two systems. 

In the process of answering questions, participants think THC-DAT (M=4.04, Med=4.00, 

SD=0.497) is more useful than BOOKMARK (M=3.57, Med=3.67, SD=0.746), with a significant 

level p=0.001. This conclusion shows coincide with score for task in Table 3 where participants 

obtain higher score on THC-DAT than on BOOKMARK. 

The intention to use was assessed by participants as prefer to use THC-DAT (M=3.57, 

Med=3.67, SD=0.746) than BOOKMARK (M=3.57, Med=3.67, SD=0.746), and this is significant 

at p=0.014. 

In terms of system satisfaction, participants are more satisfied with THC-DAT (M=3.57, 

Med=3.67, SD=0.746) than BOOKMARK (M=3.57, Med=3.67, SD=0.746), and this is significant 

at p=0.010. 

On the basis of subjective results, there is very strong evidence to support the hypothesis H3, H5 

and H6, while H4 is inconclusive. 

Table 7 Subjective judgment for comparisons between BOOKMARK and THC-DAT system 

 Mean Median Standard deviation p-value 

B T B T B T 

Usefulness 3.57 4.04 3.67 4.00 0.746 0.497 0.001 

Ease of use 4.10 4.16 4.00 4.08 0.437 0.451 0.431 

intention to use 3.59 3.92 3.67 4.00 0.731 0.634 0.014 

system satisfaction 3.56 3.87 3.75 4.00 0.733 0.575 0.010 

In addition, recall that we asked participants to indicate the degree of familiarity with topic 

model before and after experiment for each system from the summary of participants data, we know 
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that participants knew little about topic model before the experiment. In contrast, participants 

reflected they got more familiar with topic model after using THC-DAT (M=2.97, Med=3.00) than 

BOOKMARK (M=2.86, Med=3.00), which also demonstrates that THC-DAT is more effective 

than BOOKMARK from another perspective. 

7. Discussion 

The results show that THC-DAT is more helpful than BOOKMARK. On the one hand, the 

mean score of all tasks on THC-DAT is higher than BOOKMARK over 26.6%, with a significant 

difference. Especially for question FF0, THC-DAT shows statistical edge over BOOKMARK with 

p=0.041. On the other hand, in relation to the efficiency concerning completion time, there is no 

evidence for significant difference between the two tools, but the mean time spent on THC-DAT is 

less than on BOOKMARK, and THC-DAT achieves statistical advantage in question PU1 with 

p=0.024 (See Table 3 and Table 6). So generally, THC-DAT manifests more effective than 

BOOKMARK for the experimental tasks; meanwhile, THC-DAT is at least not inferior to 

BOOKMARK in efficiency. 

  Since no considerable difference appeared in efficiency, maybe the time spent on each kind of 

task using two tools can help us to explain the result. Note that the time used for the full-text 

understanding task on BOOKMARK experienced a dramatic decline, with average time 118.097s 

less than partial understanding task and the whole time curve on BOOKMARK shows inverted U 

shape. However, the score is lowest in full-text understanding task accordingly. In another word, the 

time dropped rapidly and the scores became worse as well on BOOKMARK (See Table 5, Figure 3 

and 4). In contrast, on THC-DAT, the time users spent increased with the increasing of task 

difficulty but the score they got decreased, which is always higher than that they got on 

BOOKMARK. This may reflect the different effects on cognitive load between THC-DAT and 

BOOKMARK. Previous researchers have verified there are two stages of cognitive load evolving 

along with the increasing of task difficulty. In the first stage,  higher difficulty of task leads to 

higher cognitive loads (Kahneman & Beatty, 1966), such as more time users spent and lower score 

users got (Johnston, Fiore & Smith, 2013; O'Donnell & Eggemeier, 1986). Meanwhile, in the 

second stage, Granholm, Asarnow & Sarkin’s research (1996) demonstrated that people in face of 

very difficult cognitive tasks will reach the state of cognitive overload and the time they cost will 

reduce. Moreover, Marshall’s (2002) research showed that user experiencing higher cognitive load 

will be more likely to make an error while performing a task. Based on the studies of Granholm et al. 

and Marshall, it can be concluded that the time users cost becomes less and the score they got 

become worse when they reaching the state of cognitive overload. In this research, note that full-text 

understanding task is the most difficult, and users cost less time while scored worse on 

BOOKMARK, representing the second stage, so full-text understanding task leads to cognitive 

overload on BOOKMARK according to the above conclusion. However, users cost more time and 

scored worse on THC-DAT for full-text understanding task, representing the first stage before the 

state of cognitive overload. This also means THC-DAT can slow down the process of approaching 

cognitive overload while BOOKMARK can’t.  

As we presented in Section 5.1, questions reflect different task types and different scenarios. In 

order to identify in which aspects THC-DAT is more effective or efficient than BOOKMARK, the 

results of each question in different scenario are analyzed further. 
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First, in keyword guiding scenario, all questions are fact finding task or partial understanding 

task. THC-DAT’s navigation bar contains keywords of questions FF0 and PU1, and shows certain 

superiority in time and score (See Table 6). The time spent on FF0 using THC-DAT is less than 

BOOKMARK with an approximately significant difference (p=0.075), and there is considerable 

difference in score at p=0.041. As for PU1, users completed it significantly faster on THC-DAT 

(p=0.024) and the mean score on THC-DAT is higher than BOOKMARK over 32%. These show 

that THC-DAT is perfect for keyword guiding scenario when it can extract the topic term of 

question. Moreover, it is notable that when users complete FF0, its keyword(s) appeared in the 

navigation bar of both tools, while PU1’s keyword(s) can only be found in THC-DAT, which 

indicates that difference exists in keyword guiding capability between the two tools. Since 

THC-DAT extracts more topic terms and organizes the hierarchical relationship of contents 

between topics effectively, contents that THC-DAT guides are more concrete and the content 

boundaries of each topic is more accurate. 

Second, in regard to the remaining questions in keyword guiding scenario, namely FF1 and 

PU0, their keyword(s) were displayed in the navigation bar of BOOKMARK but not in THC-DAT. 

Although there is no statistically significant difference in time and score between the two tools, the 

results in Table 6 reveal that THC-DAT is superior to BOOKMARK. For FF1, BOOKMARK 

achieves slightly faster in time with p=0.082, and the score is worth thinking. All answers are right 

on THC-DAT but not all on BOOKMARK. Similarly, although no significant differences appeared 

in time and score for PU0, users spent less mean time on THC-DAT and scored higher. So, even if 

THC-DAT cannot extract all topics of the document, but, because the topics it extracted contain 

multiple terms and are hierarchically organized with their contents and this revealed some semantic 

relations between topics which contributes to narrowing users’ search scope. It makes sense that 

THC-DAT can still deal with questions like FF1, PU0 well, In other words, THC-DAT also fit 

keyword guiding scenario when it cannot extract the topic term of question. 

Through above analysis, we find when THC-DAT extracts evident topic terms, it outperforms 

BOOKMARK obviously. When explicit terms exist in BOOKMARK but not in THC-DAT, 

THC-DAT still has an advantage in score. This is mainly because the function of THC-DAT is 

extracting multiple topic terms within a document and then expressing logical relationships between 

topics hierarchically. Though THC-DAT cannot extract all keywords in questions occasionally, its 

multiple terms and hierarchical relations between topics do assist users effectively. In addition, fact 

finding is defined as acquiring detailed knowledge about the factual information (Conflict Research 

Consortium, 1998). Partial understanding means one seeks to grasp at least a partial reason for a 

pattern of how things work or why a phenomenon occurs (Keil, 2011). In light of these definitions, 

it is obvious that dealing with fact finding and partial understanding problems in academic papers 

often involves multi-grained topics and information processing, so we deduce that THC-DAT is 

helpful in keyword guiding scenario. 

Additionally, as for question FU0 which represents the theme extraction scenario, the 

completion time on THC-DAT is pretty close to that on BOOKMARK, while users scored 

significantly higher (p=0.100) on THC-DAT than on BOOKMARK, with a difference of over 71%. 

The result still ascribes to THC-DAT’s core function, : extracting topics hierarchically, namely 

topic more general will correspond to the root in the hierarchical tree while topic more concrete will 

correspond to the leaf. Note that FU0 was completed so fast on BOOKMARK that it was only 

slower than fact-finding questions, and the corresponding score is the lowest. Based on relevant 
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cognitive overload theory (Granholm et al., 1996; Kahneman & Beatty, 1966), we infer that users 

achieved the state of overload when answering FU0 on BOOKMARK. On the contrary, users can 

obtain the theme of a document quickly from the root topic in the hierarchical tree on THC-DAT, 

and get relatively higher score than that on BOOKMARK. Therefore, it is clear that THC-DAT is 

especially suitable for the theme extraction scenario, because users can acquire full-text theme 

accurately on THC-DAT and avoid achieving the state of overload effectively. 

As for question FU1 , which represents the overall comprehension scenario, since answering 

this question cannot merely rely on any keywords, FU1 turns out to be the most difficult question. 

On BOOKMARK, the time and score are both worth discussing. The completion time is even less 

than fact-finding question FF0 and partial-understanding question PU1, the score is the lowest as 

well, which continues the cognitive overload state of FU0. On THC-DAT, users spent the longest 

time dealing with FU1 though scored worse. Combining with cognitive overload theory (Granholm 

et al., 1996; Kahneman and Beatty, 1966), it can be inferred from the similar scores and different 

mean time that, even if the score seems low on both tools, users tend to give up on BOOKMARK 

but stick to completing the task on THC-DAT when facing with demanding questions, which further 

reflects that THC-DAT can improve users’ willingness to undertake difficult task and increase the 

expectancy of fulfilling the task.  

The results of subjective evaluation show that THC-DAT is highly acknowledged in 

usefulness, intention to use and system satisfaction than BOOKMARK. There is no discernible 

difference in ease of use and their mean values are close to each other (See Table 7), but 

BOOKMARK has been widely used and users are familiar with it, while THC-DAT is a new tool, 

this demonstrates that THC-DAT is not inferior to BOOKMARK in ease of use. In a word, 

THC-DAT surpasses BOOKMARK in general satisfaction.  

In conclusion, practical and theoretical implications of this study can be drawn as follows: 

On one hand, applying THC-DAT to digital libraries or electrical document reading systems 

would enhance users’ reading performance, willingness to undertake difficult task and satisfaction. 

First, BOOKMARK is a common assistant tool in digital libraries and electrical document reading 

systems, so research and improvement on it is of important promotion value. Since THC-DAT is 

superior to BOOKMARK in effectiveness and not inferior in efficiency for a variety of tasks and 

scenario types, it is suggested to adopt THC-DAT to promote users' reading effects in digital 

libraries and electrical document reading systems. Especially, when analyzing document theme or 

the topics in THC-DAT covering questions’ keywords, THC-DAT shows assistant effects resemble 

state of art. Since THC-DAT extracts many topic terms and organizes hierarchical relations 

effectively, its ideal performance can be sure to occur frequently. 

Second, THC-DAT could help document analysis researches to gather more user data. Many 

document analysis techniques rely on mining user-involved data stemmed from user-generated 

content or user behavior log, such as folksonomy, user preference learning and evaluating 

applications (Agosti, Crivellari & Nunzio, 2011; Egger & Lang, 2012; Francisco, Ricardo & 

Oliveira, 2012; Lin, Huang & Chen, 1999). However, the difficulty to complete a task has a 

negative impact on the willingness of participants (Smith, 1999). When users have lower 

participation willingness, consequently the user-involved data will be generated less, and this may 

hinder the practical use and evaluation of the document analysis technique which based on the 

user-involved data. We confirmed that THC-DAT can improve users’ willingness to undertake 

difficult task in overall comprehension scenario, hence, applying THC-DAT to these techniques 
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contributes to improving users’ willingness to undertake difficult task as well, namely generate rich 

basic data. 

Additionally, BOOKMARK is widely used but may not be a satisfying tool for users to read 

within documents. It is found that THC-DAT is highly acknowledged by users in usefulness, 

intention to use and system satisfaction than BOOKMARK. So it is recommended to adopt 

THC-DAT in electrical document auxiliary reading and library knowledge organization service to 

improve users’ satisfaction. 

On the other hand, THC-DAT is conducive to addressing the cognitive overload problems in 

current research domain and applications, such as document relevance judgment or indexing in 

information retrieval based on relevance feedback technique. These researches and applications 

often involve users to judge the theme of document or different parts. Our study of extracting 

full-text theme on BOOKMARK indicates that this task type might increase cognitive load and 

users are inclined to reach cognitive overload, which will affect the accuracy and validity of 

relevance feedback technique. So it is suggested that, cognitive overload should be considered in 

information retrieval studies based on relevance feedback technique. In contrast, THC-DAT is 

characterized by hierarchical topic extraction, and thus it enables users to extract document theme in 

root of the hierarchical topic tree accurately, alleviate cognitive load and amplify cognitive 

capability, so THC-DAT aids users in analyzing full-text theme quickly, judging document 

relevance and indexing document better. This makes it a good choice to avoid cognitive overload in 

relevance feedback. Moreover, because of its state-of-art performance in extracting document 

theme and hierarchical semantic structure in multi-topic documents, THC-DAT is of great value to 

researches and applications related to document topics, such as document visualization and 

document summarization. 

8.  Conclusion 

In this study, we conducted a controlled experiment to evaluate the effectiveness, efficiency 

and user satisfaction of THC-DAT, a multi-topic document analysis tool. Our experiment results 

demonstrate that THC-DAT performs better in reading performance than the benchmark system, 

BOOKMARK, in terms of effectiveness. Meanwhile, THC-DAT manifests not inferior to 

BOOKMARK in efficiency. It was also evaluated more favorably than BOOKMARK on several 

perceptual dimensions (i.e., usefulness, intention to use, system satisfaction). Though no significant 

difference appeared in ease of use. However, in general, users appreciated THC-DAT more. In the 

discussion, we did a more detailed analysis for specific questions in different scenarios. Since 

THC-DAT extracted topics hierarchically and displayed their logical relations, it outperforms 

BOOKMARK in reading assistance in keyword guiding scenario, alleviate users’ cognitive load in 

theme extraction scenario, and improve users’ willingness to undertake difficult task in overall 

comprehension scenario. Two implications in terms of theoretical and practical are concluded based 

on the analysis above. First, THC-DAT can be applied to digital library or electrical document 

reading system to enhance users’ reading performance, willingness to undertake difficult task, and 

satisfaction. Second, as for theoretical implication, THC-DAT represents an example to address 

cognitive overload problem in the domain of information retrieval. 
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